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1. INTRODUCTION

Braking system technology is a part of a vehicle that continues to experience development from time
to time (Arifin, 2017; Karim et al., 2023; Sultan et al., 2022). This development occurred in order to
balance the increase in engine performance and increased safety so that it can produce shorter
braking distances, while the braking performance will be influenced by several factors, including:
road profile, friction coefficient between the tire surface and the road, vehicle weight and the profile
of the brake linin it self (Austin & Morrey, 2000; Mannering & Washburn, 2020; Niemz, 2014).

At this time there are two different types of brake linings on the market, namely asbestos
brake linings and non-asbestos brake linings (Kennedy et al., 2019; Santoso, 2013). The use of
asbestos brake linings is used because brake linings made from asbestos are cheap, but asbestos
brake linings work at temperatures of 2000C and produce toxic dust which can be dangerous for
health because it can cause fibrosis (thickening and scratches in the lungs) and when the asbestos
brake lining is exposed to water, its braking ability is reduced. This is different from non-asbestos
brake linings which do not produce toxic dust so they are friendlier to the environment and if non-
asbestos brake linings are exposed to water they can still work optimally (Irawan et al., 2022;
Sathyamoorthy et al., 2022; Yashwhanth et al., 2021).

At present, much has been done to obtain environmentally friendly, renewable and
economical brake linings, but the results currently achieved have not been able to maintain the
mechanical properties, especially in terms of wear resistance, temperature, vibration and sound
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absorption and the costs are still relatively expensive (Leyland & Matthews, 2004; Muratoglu et al.,
2001; Wang et al., 2021).

Corn cobs (Myristca fragrans) are a commaodity crop in Indonesia, therefore in the 1800s
Europeans came to Indonesia to take corn cobs to be used as a spice. But at that time corn cobs
were not only used as spices but could be used in other fields such as the skin on corn cobs which
was used as an anti-biotic ingredient. The fruit from corn cobs could be used as oil which could be
used as a base for perfume and bio diesel (Bharath et al., 2020).

The problem that arises in the corncob production process is waste. Corn plant waste that is
still not widely used is corn cobs. Currently, in rural areas many corn cobs are simply thrown away
and some are used as fuel and briquettes. So in this study we will try to use corn cobs as a raw
material for Non-asbestos brake linings. Research on composites made from organic composite
materials for the manufacture of non-asbestos brake linings has been widely developed. This
research is considered necessary because as a solution to treat waste as a useful product and
increase the value of engineering corncob shell materials in the automotive technology industry over
time, this is something that must be faced. The materials needed for this technology must also
continue to be innovated from materials that are difficult to obtain in nature to easy to obtain, such
as composite materials. So that the creation of a technology that is cheap and environmentally
friendly. In the development of composite technology, this progress has been very rapid due to its
special renewable properties and also a high ratio of strength to weight, stiffness, resistance to
corrosion, etc., thereby reducing the consumption of chemicals and environmental disturbances
(Rajak et al., 2019).

Of the components on a motorbike that must always be checked and replaced regularly are
the brake linings, this is because the brake system has a vital function for driving comfort and safety.
Several things to pay attention to regarding the lining include the grip strength of the brake lining and
the thickness of the brake lining when pressing the brake pedal. The gripping strength of the brake
lining is very dependent on the material of the brake lining. The materials for brake pads sold on the
market are asbestos, steel fiber, cellulose, rock wool, gravite and kevlar (Ahmed et al., 2022). Of the
brake lining materials in circulation, there are those whose use has been banned, such as asbestos
because it has very dangerous effects on health, namely it can cause cancer [6]. Meanwhile, other
materials will become increasingly rare in nature, so it is necessary to look for other alternatives as
friction materials for brake pads. Apart from that, the material from the factory usually reduces the
friction force against the disc disc over time, even though the thickness of the brake lining is still
within tolerance according to the manufacturer's instructions so that the user is forced to replace it.
To overcome this problem, various types of brake lining materials have been developed.

Brakes have a working principle by changing kinetic energy into heat energy, so a material
that is good at absorbing heat is needed, namely aluminum. Aluminum is a metal that is abundantly
found on earth and when used it is not harmful to health, so it is very suitable to be combined with
corn cob shells. The availability of coconut fiber and pineapple leaves is quite abundant in North
Suatra. Pineapple leaf fiber and coconut fiber which are processed in various ways are usually only
used for clothing, rope and crafts as a substitute for thread. In this research, we will try to use
pineapple leaf fiber and coconut fiber as a substitute for fiber which is usually used in the process of
making brake linings, so that it is hoped that it can increase the flexural strength of the brake lining.

Composite materials are defined as a mixture of two or more materials that produces a new
material whose properties or characteristics are still dominated by the properties of the constituent
materials (LLorca et al., 2011).

The matrix is the phase in a composite that has the largest (dominant) part or volume
fraction. Matrix, generally more ductile but has lower strength and stiffness (Evans et al., 2003; Llorca
et al., 1991).

The matrix has the following function.

1. Transfer stress to the fiber.

2. Forms a coherent bond, matrix/fiber surface.

3. Protects fiber.

4. Separating fibers.

5. Untying.
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6. Keep stable after manufacturing process.

The purpose of making composites is to improve certain mechanical properties or specific
properties, simplify difficult designs in manufacturing, flexibility in shape or design which can save
production costs, and make the material lighter. Composites produced by an agency or factory can
usually predict the mechanical properties of the composite material based on the matrix and
reinforcing materials.

Manufacturing techniques for polymer composite materials generally do not involve the use
of high temperatures and pressures. This is because this material easily becomes soft or melts. The
process of mixing the amplifier into the matrix is carried out when the matrix is in a liquid state.

Several methods of making polymer composite materials that are commonly used are three,
namely:

1. Direct pouring method (hand lay-up).
2. ompression / pressure method
3. Method of applying pressure

The compaction process is the process of compacting the powder into a sample with a
certain shape according to the mold. The powder will bind to each other and the air voids between
the particles will be pushed out (Capes, 2013) . The greater the compaction pressure, the less air
(porosity) between the particles, but it is impossible to achieve zero porosity. The result of compaction
is usually called a green body.

There are two types of compaction methods, namely:

1. Cold compressing, hamely compression with room temperature. This method is used when the
material used is easily oxidized.

2. Hot compressing, hamely pressing with temperatures above room temperature. This method is
used if the material used is not easily oxidized.

The friction material formula for brake lining materials has a big impact on braking quality,
vibrations and sounds that occur when braking. By varying a particular material, engineers can
modify the formula for a more suitable brake lining application for a variety of vehicles. The key to
understanding what type of formula to make the best one for a particular application is simplified by
looking at the current original equipment (OE) recommendations, there are three universally
accepted friction material formulations for brake linings. The strength of the brake particle composite
material is greatly influenced by the size of the particles, the material matrix and the manufacturing
process. The strength of the composite particles is maximized at the size of 0.01 to 0.1 mm and the
strength of surface bonding, pressing and sintering (Khomenko et al., 2009).

Coconut (Cocos nucifera) is one of the most well-known members of the palm plant and is
widely distributed in the tropics. Coconut tree is a type of plant that has one house with plant stems
growing straight up and not branching. Coconut trees can reach more than 10-14 meters in height,
their leaves have midribs that can reach more than 3-4 meters in length with fins that support each
strand.

Aluminum is a chemical element with the symbol A1 and atomic number 13. Aluminum is the
most abundant metal. Aluminum is not a heavy metal, but it is an element that accounts for about
8% of the earth's surface and is the third most abundant. Aluminum is found in the use of food
additives, antacids, buffered, aspirin, astringents, nasal sprays, antiperspirants, drinking water, car
exhaust, tobacco smoke, use of aluminum foil, cooking utensils, cans, ceramics and fireworks
(Wikipedi.org).

The advantages of aluminum metal are that it weighs one third of the weight of steel (p: 2.7
g/cm), has good heat and electrical conductivity, high strength to weight ratio, is resistant to
corrosion, has good formability properties and is easy to print (Choi & Park, 1998; Miao & Laughlin,
2000).

One of the preferred properties of polyurethane is its ability to be converted into foam, when
water reacts with isocyanate it will produce carbon dioxide gas which fills and expands the cells
created in the mixing process. In this process a three-step process occurs, namely water reacts with
the isocyanate group to form carbanic acid, carbanic acid is unstable and its decomposition forms
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carbon dioxide and an amine. Amine reacts with isocyanate to produce artificial urethane (Khatoon
etal., 2021) .

There are two sources for making polyorethanes, namely the reaction of bischloroformat with
diamines and the reaction of isocyanates with dihydroxy compounds. Linear polyorethanes are
usually prepared in solution because these polymers tend to dissociate to alcohols and isocyanates
or decompose to amines and carbon dioxide at the high temperatures required for melt
polymerization. Fused polymerization applies to polyurethanes prepared with aromatic isocyanates
(Sienkiewicz & Czub, 2017).

Isocyanate is an adhesive that has a higher strength than other adhesives (Wikipedia 2012).
Isocyanes react not only with aquarous but also with wood to produce very strong chemical bonds
(chemical bonding). Isocyanates also have very reactive chemical groups, namely R-N=C=0. The
uniqueness of isocyanate adhesives is that they can be used for a wide variety of temperatures, are
water resistant, heat resistant, fast dry, PH neutral and impermeable to solvents (organic solvents).
Isocyanates have the advantage of long thickening (Siqueira et al., 2010).

Friction is the main factor of braking. Therefore components made for brake pads must have
material properties that not only produce a large amount of friction, but also must be resistant to
friction and not produce heat that can cause the material to melt or change shape. Materials that are
resistant to friction are usually a combination of several materials that are put together by carrying
out certain treatments. A number of these materials include: copper, brass, timsh, grsfit, carbon,
kevlar, resin/resin, fiber and other addictive/additional materials (Graedel et al., 2015) .

2. RESEARCH METHOD

The types of brake pads according to the international classification are (Jadhav & Sawant, 2019):
1) OME (Original Equipment Manufactured)

OME is a type of brake lining that is already installed when buying a new motorbike, where for Honda,
Suzuki and Kawasaki manufacturers it is issued by the brake manufacturer Nissin, while for Yamaha
it is issued by Akebono.

2) OSE (Original Equipment Spare Parts)

OES is a type of brake pad that is used as a replacement for OEM brake pads where the brake pads
are made by an OEM manufacturer so they have the same formula code, the same process, the
same quality and the same materials as OEM brake pads.

3) AM (After Market)

This type is the brake pads on the market, with varying qualities. Some have lower quality than OEM
and some have higher quality than OEM.

4) Genuine

Basically, this type of brake lining is included in the After Market type category. The term Genuine is
only to distinguish between genuine and fake products.

Mechanical properties describe the ability of a material (such as a component made of that
material) to accept a force/energy load without causing damage to the material/component. Often
when a material has good mechanical properties but is not good at other properties, steps are taken
to overcome these deficiencies in the necessary ways. In order to obtain a reference standard for
brake lining technical specifications, the value of hardness, wear, bending and other mechanical
properties must be close to the value of the safety standard.

The technical requirements for composite brake pads (Xiao et al., 2018) are:
a. For hardness values according to safety standards 68 —105 (RockwellR)
b. Heat resistance 360°C, for continuous use up to 250°C

c. Brake lining wear value is (5 x 10 — 5 x 10 mm/kg)

d. Friction coefficient 0.14 — 0.27

e. The density of the brake pads is 1.5 -2.4 gr/cm3

f. Thermal conductivity 0.12 — 0.8 W.m.°K

g. The specific pressure is 0.17 — 0.98 joules/g.°C

h. Shear strength 1300 — 3500 N/cm?

i. The fracture strength is 480 — 1500 N/cm?
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Wear and tear occurs when two objects are pressed against each other and rub against each
other. Greater wear occurs in softer materials. Factors that influence wear are speed, pressure,
surface roughness and material hardness. The greater the relative speed of the objects rubbing
against each other, the higher the wear rate. Likewise, the greater the pressure on the contact
surface of the object, the faster the material will wear out, and vice versa. Wear is defined as the
detachment of atoms from the surface of a material and reduction in size as a result of mechanical
action. The level of wear of a material can be tested using laboratory-scale wear testing equipment.
The wear test equipment used is as shown in Figure 1. below.

Figure 1. wearness tester

To get the wear value of the specimen, first the specimen must be weighed first. After the
test is complete, the specimen is weighed again, so that the change in mass of the specimen is
obtained, which is then used to calculate the wear rate. The wear calculation is expressed by the
amount of loss of specimen reduction per unit area of contact and wear time(Wu & Cheng, 1991) .
Wear rate is expressed by (Kubo & Kato, 1999) :

W=(WO-WL)/(A.t) (1)
Where , W = Wear rate (gram/mm? sec)
WO = initial weight of specimen before wear (grams)
W1 = Final weight of specimen after wear (grams)
A = Area of contact area with wear (mm?2)
t = wear time / length of wear (seconds)

The friction coefficient is a quantity that shows the level of surface roughness of an object
when two objects are rubbing together. Mathematically, the friction coefficient is formulated as a
number resulting from the comparison between the magnitude of the friction force and the magnitude
of the normal force of an object. So the value of the friction coefficient is determined by two factors,
namely the level of roughness of the two contact areas and the normal force acting on the object.
The magnitude of the normal force that acts on an object is proportional to the weight of the object,
because the weight of the object only acts on the surface. So that mathematically the magnitude of
the normal force is the same as the gravity force,

N=W=mg e, 2)

The friction coefficient (1) can be defined as the ratio between the friction force (F) and the
normal force (N), which can be formulated as follows:

M=F/IN (3)

The purpose of this friction coefficient test is to find the value of the friction coefficient of the
brake canvas and the drum
The method used in testing the coefficient of friction is based on ASTM C1028. The ASTM C1028
standard regulates methods for testing the coefficient of friction.
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Figure 2. Friction coefficient test equipment

3. RESULTS AND DISCUSSIONS

a. Hardness Testing

Hardness testing is carried out on the surface of the brake lining at five test locations and then
averaged to obtain a hardness value. The results of the hardness test using the B scale Brinell
hardness test from the test results for side A brake lining hardness with a composition of 40:60% and
a composition of 50:50% can be seen in Table 3 below;

Table 3. Brake lining hardness test composition 40:60% and 50:50% side A
Hardness Value (HRB) Sisi A

Test

60:40% 50:50%
1 56 77
2 61.5 73
3 63 76
4 56 73
5 64 71
Average 61.1 74

To make it easier to see the results of the brake lining hardness test on side A, it can be
seen as in Figure 3 below.

80
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Hardness (HRB)
(6] D )] ~
(] o (9] o

vl
o

1 2 3 4 5
Test

—a&A— Kampas Rem Komposisi 60:40% —l— Kampas Rem Komposisi 50:50%
Figure 3. Brake Pad Hardness Value Composition 60:40 Vs 50:50 Side A

From Figure 3, it can be seen that in general the composition of brake linings with 50% fiber
and 50% binder has a higher hardness value compared to brake linings made with a composition of
60% fiber and 40% binder. In the 50% fiber brake lining composition, the highest test value occurred
in the 5th test with a hardness value of 71 and the highest hardness value was in the 1st test with a
hardness value of 77 and an average hardness value of 74, while for brake linings with the
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composition 60% fiber and 40% binder the lowest hardness value obtained in the 1st and 4th tests
was 56 and the highest hardness value in the 5th test was 64.

The results of hardness testing using the Brinell scale hardness test and the results of hardness
testing for side B brake linings with a composition of 40:60% and a composition of 50:50% can be
seen in table 4 below;

Table 4. Brake lining hardness test composition 40:60% and 50:50% side B
Hardness Value (HRB) Side B

Test 60:40% 50:50%
1 60 71
2 62 76.5
3 54 76
4 64 73
5 58 74
Avarage 59.6 74.1

To make it easier to see the results of the brake lining hardness test on side A, it can be seen as in
Figure 4 below.
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1 2 3 4 5
Test
A— Kampas Rem Komposisi 60:40%  —— Kampas Rem Komposisi 50:50%

Figure 4. Brake Pad Hardness Value Composition 60:40 Vs 50:50 Side B
a. Wearness Testing
The results of the brake lining wear test on side A with a composition of 50:50% and 60:40%
can be seen in table 5 below.

Table 5. Wearness Value of Brake pad side A

Test COET)F:)SOS‘% on Composition 60:40%
1 2.54959x10°6 3.72291 x10%
2 1.03991 x106 1.90650 x106
3 1.60319 x106 2.46978 x10®

To make it easier to analyze the results of the brake lining wear test on side A, it can be seen as
shown in Figure 5 below.
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The results of the brake lining wear test on side B with a composition of 50:50% and 60:40%
can be seen in table 6 below.

Table 6. Side B brake lining wearness value

Test COQP)PSOS(% on Composition 60:40%
1 2.93613 x10® 4.01937 x10®
2 1.86317 x10°6 2.07981 x10°6
3 1.38654 x106 1.68985 x10¢

To make it easier to analyze the results of the brake lining wear test on side B, it can be seen as in
Figure 6 below.
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Figure 6. Composite Brake Pad Wear Test with composition 60:40 Vs 50:50% Side "B"

S

Wearness (g/mm

4. CONCLUSION

The main objective was to find a material composition that provides an optimal balance between
hardness and wear through testing with a special test bed. The experimental results show that a
material composition with a ratio of 50:50 performs better than a 60:40 composition in terms of
hardness and wear. These results provide valuable guidance in material selection for applications
that require an optimal combination of strength and wear resistance, such as in the manufacturing,
materials engineering and automotive industries. These findings can aid in the development of
products with superior mechanical properties, improved durability, and reduced maintenance costs
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in the long run. Research into the development of material compositions to achieve a balance
between hardness and wear will continue to grow in the future. This research has the potential to
lead to significant innovations in various industries, such as manufacturing, automotive and
aerospace, with a focus on material composition optimization, sustainable material development,
innovations in testing methods and the integration of advanced technologies such as artificial
intelligence. Interdisciplinary collaboration will also be key in deepening the understanding of material
properties, leading to the development of more efficient and sustainable solutions. As such, research
in this field will remain relevant and important in advancing technology and industry in the future.
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